Quantitative immunochromatographic analysis: theory and application to theophylline immunoassay.
The development of an immunochromatographic technique suitable for rapid analysis of biological fluids is described. Quasi-one-dimensional antibody lattices specific for theophylline were constructed by packing Sepharose beads conjugated with specific antibody into specially designed narrow capillary tubes. The design of these capillary columns was such that they would subtract a preset threshold quantity of antigen (label and analyte) from the total amount presented. Labeled antigen, which appeared in the flowthrough, could then be used to precisely quantitate the analyte present. The ideal format would permit very precise subtraction of 100% of the available antigen up to the threshold amount and none of the remainder. The microcolumn described here comes close to this ideal behavior through the attainment of very high ratios of bound/free antigen. The elevated bound/free ratio could be explained by theoretical analysis of the effect on equilibria of the high antibody concentration in this quasi-one-dimensional system. Lattices containing anti-theophylline antibodies were used to develop a competitive enzyme immunoassay for theophylline which demonstrated a dose-response that was closely similar to that predicted by theoretical treatment. The entire assay procedure was performed in less than 30 min and demonstrated a sensitivity limit of approximately 20 ng/ml. Preliminary studies on clinical serum samples suggest that this assay has potential for the routine analysis of biological fluids.